Bionanoprobe (BNP), a hard x-ray fluorescence sample-scanning nanoprobe at the Advanced Photon Source of Argonne National Laboratory, has been used to quantitatively study elemental distributions in biological cells with sub-100 nm spatial resolution and high sensitivity [1] . Cryogenic conditions enable biological samples to be studied in their frozen-hydrated state with both ultrastructure and elemental distributions more faithfully preserved compared to conventional chemical fixation or dehydration methods. Radiation damage is reduced in two ways: the diffusion rate of free radicals is decreased at low temperatures [2] ; and the sample is embedded in vitrified ice, which reduces mass loss [3] .
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The BNP usually operates in an energy range of 4.5-25 keV. This energy range enables most elements of interest in biological systems to be studied by their K-or L-shell emission lines. For example, nuclear regions are generally high in P and Zn concentrations. Elevated Mn is often used to locate mitochondria. These interpretations can be enhanced if fluorescence maps are coupled with structural information from H, C, N and O, the main constitutes of biological systems. Unfortunately, hard x-ray probes are nearly blind to these light elements due to their low fluorescence yields [4] and little absorption contrast at multi-keV x-ray energies.
Phase imaging techniques including Zernike phase contrast [5] and differential phase contrast [6] have been implemented to hard x-ray scanning probes to provide structural information. An alternative method is ptychography, a coherent diffraction imaging method. A sample is scanned through a coherent illumination with significant overlap. Far-field diffraction patterns are collected using a pixelated area detector. The diffraction patterns are then used to reconstruct the transmission function of the object via a phase retrieval method, yielding phase contrast images. One example demonstrating the applications of ptychography to biological sciences is by Vine et al [7] . The advantages of ptychography over other phase imaging methods are twofold: enhanced contrast and improved spatial resolution. In theory, the spatial resolution of ptychography is only limited by the wavelength of the incident x-ray photons.
We have recently demonstrated ptychographic imaging at the BNP [8] (Fig.1) . The structural information of frozen biological single cells has been obtained in conjunction with elemental information (Fig.2) . Concerns raised on the speed of both data collection and reconstruction particularly for potential 3D imaging. To improve the throughput, multi-probe modes [9] have been implemented in the reconstruction algorithm to address partially coherent illumination (higher flux, allowing shorter dwell time per pixel) [8] and fly-scan data collection (lower overhead time) [10] . Computation has been carried out using multiple GPUs with a hybrid parallel strategy [11] . 
